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Abstract 
Gadung (Dioscorea hispida Dennst) tuber contains dioscorin, an alkaloid with high angiotensin converting enzyme-inhibitory 
capacity. In this research, dioscorin was extracted using microwave assisted extraction (MAE). The objectives of this research 
were to investigate the influence of ethanol concentration (75 % to 96 % w/w), solvent-material ratio (10 : 1 to 20 : 1) and 
microwave power (100 W   to 400 W) on the extraction yield, and to develop a mathematic model to represent that process. The 
optimum condition for this process was extraction using 85 % aqueous ethanol at solvent-material ratio of 12.5 : 1, and 
microwave power of 100 W for 20 min. The mathematic model agreed well with the experimental data with average error of  
2.96 %.  
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1. Introduction 
Bitter Yam (Dioscoreae hispida Dennst) is one of the most economically important yam species, which serves as 
a staple food for millions of people in the tropical and subtropical countries1, and is classified as a wild creeping and 
climbing plant which can grow up to 20 m in height. D. hispida is commonly found in secondary forests and grows  
under shaded areas or near streams, which is locally known as Umbi Gadung2. The dormant underground tubers 
of both wild and cultivated varieties of this yam are harvested as a good starch and essential dietary nutrients source.  
In addition, this yam tuber exhibits nutritional superiority when compared with other tropical root crops. This 
property is related to the presence of resistant starch, which plays role in creating a slow digestion in the lower parts 
of the human gastrointestinal tract, resulting in slow liberation and absorption of glucose3. This tuber’s digestive 
property has suggested its utilization in reducing the risk of obesity, diabetes and other related diseases4. However, 
some studies have also pointed out that this yam tuber also contains some toxic compounds, which can impart 
serious health complications. Among the yam species, D. hispida, was considered as one of the most underutilized 
species because of the presence of poisonous alkaloids known as dioscorin5. To prevent any cases of intoxications, 
local people prepare the tubers before consumption to make them edible. The treatment practices vary from region to 
region, but commonly involve peeling, followed by leaching of the sliced tubers in running water, overnight, 
washing and drying. The resultant sliced tubers are then cooked before being eaten. 
In order to find new ways to stay healthy or fight diseases, people have embraced the versatile functions of herbal 
medicines. Amongst thousands of folk medicinal sources, the tuber of D. hispida is well known for its multifaceted 
biological functions6. Dioscorin, the storage protein accounted for about 80 % of extractable water-soluble proteins 
from D. hispida tubers7. It belongs to the family of pyrans, compounds containing a pyran ring, which is a six-
member heterocyclic, non-aromatic ring with five carbon atoms, one oxygen atom and two ring double bonds. 
Various dioscorin contents of D. hispida dried tuber have been reported in the literatures. Sasiwatpaisit et al.8, 
determined dioscorin in D. hispida dried tuber by TLC-densitometry and TLC image analysis and reported the 
values were 0.72 % w/w and 0.66 % w/w respectively. Also employing TLC method however, Webster and his 
coworkers reported that the content of dioscorin in D. hispida dried tuber was only 0.12 % w/w)9. Although 
dioscorin is considered as a poisonous substance, it has been demonstrated to inhibit angiotensin-converting enzyme 
activity, which is a target for pharmacological agents used in the treatment of hypertension10. Lu et al7 also reported 
that dioscorin exhibited biological activities both in vitro and in vivo, including the enzymatic, antioxidant, 
antihypertensive, immunomodulatory, lectin activities and the protecting role on airway epithelial cells against dust 
mite allergen destruction allergens in vitro.  
With the purpose of taking the advantage of both starch and alkaloid of D. hispida, it is necessary to separate the 
alkaloid through a solid-liquid extraction process. Conventional extraction methods are often time consuming, little 
through-put and require large amount of organic solvent. Thus, they render to additional cost mostly associated with 
the purchase and disposal of toxic solvents and dealing with the environmental hazard. Microwave assisted 
extraction (MAE) offers many advantages over the conventional extraction methods, including shorter extraction 
time, less solvent consumption, higher extraction rate and better product quality at lower cost because the 
microwaves directly heat up the solvent or the mixture11.  
One of the factors that may affect the MAE process is the selection of solvent. A correct choice of solvent is 
fundamental for obtaining an optimal extraction process12. Solvent selection for MAE is determined by (i) the 
solubility of the target analyte in the solvent, (ii) the interaction between solvent and plant matrix, and (iii) the 
Nomenclature 
 
RSD relative standard deviation 
S  slope of regression line in dioscorin analysis 
SD intercept of the standard deviation of regression line in dioscorin analysis 
TLC thin layer chromatography 
v/v volume per volume expression of concentration of a solution 
w/w weight per weight expression of concentration of a solution 
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microwave absorbing properties of the solvent. The preferred solvent is the solvent that have a high selectivity 
towards the analyte of interest excluding unwanted matrix components11. Dioscorin is soluble in water, alcohol, 
aceton and chloroform, and slightly soluble in ether, benzene and petroleum ether. The solubility of dioscorin in 
water is 23.3 g · L–1 13. According to Hartati and Kumoro14, the Hildebrand solubility parameter of dioscorin is about 
28 MPa1/2 or between ethanol and methanol, which are 26.1 and 29.7 MPa1/2, respectively. Since the Hildebrand 
solubility parameter of water is 48 MPa1/2, aqueous ethanol will be the most suitable for dioscorin extraction. The 
microwave absorbing properties of the solvent is represented by its dielectric constant. The higher the dielectric 
constant of a solvent will result in a higher heating rate of the solvent under the influence of microwave irradiation.  
Considering all of the above mentioned facts, the purpose of the present study was to investigate the influence of 
ethanol concentration (75 % to 96 % w/w solvent-material ratio (10 : 1 to 20 : 1) and microwave power (100 W to 
400 W) on the extraction yield, and to develop a mathematic model to represent that extraction process. 
2. Material and methods 
2.1. Plant materials 
Tubers of Dioscorea hispida Dennst were collected from a secondary forest in the vicinity of Diponegoro 
University Campus, Semarang-Indonesia. All tubers were washed to remove dirt, peeled, sliced, air–dried and 
milled to obtain 100 mesh size raw flour. Voucher specimens were then deposited in a storage container at 4 oC for 
further use in the extraction at Food Processing Laboratory, Department of Chemical Engineering, Faculty of 
Engineering, Diponegoro University, Indonesia.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) gadung flour; (b) molecular structure of dioscorin; (c) the experimental set-up 
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2.2. Microwave assisted extraction of dioscorin 
MAE was carried out in a domestic microwave oven with adjustable nominal power output (100 W to 400 W) as 
the applied microwave power. The microwave oven was equipped with fiber optic Luxtron I652 thermometer to 
record the real time temperature profile during extraction. The D. hispida tuber flour (15 g  to 30 g) was mixed with 
300 mL aqueous ethanol of (75 % to 96 % w/w) to make up a desirable predetermined solvent to feed ratio in a    
500 mL Duran flask  equipped with Liebig condenser and was irradiated in the microwave oven (Fig. 1) at 
predetermined time duration without stirring. After extraction, the mixture was allowed to cool to room temperature 
by using water bath. The mixture was then subjected to filtration for removal of the flour residue. The solvents were 
completely removed from the filtrate in vacuo from which dry extracts were obtained. They were then weighed and 
kept in the desiccator prior to TLC analysis for dioscorin determination. The MAE curve was constructed through 
series of extractions at the same operating conditions but with different extraction time using fresh sample. New 
batch of sample was taken from the storage container for the construction of each extraction curve.  
 
2.3. Dioscorin determination 
 
TLC analysis was performed on TLC aluminium oxide 60 F254 neutral (Merck, Germany) developed in 
chloroform – ethanol – ammonia, 100 : 10 : 0.5 following the method of Sasiwatpaisit et al.8. Five microliters of 
dioscorin standard solution (0.5 mg · ml–1 to 2.5 mg · ml–1) and all sample solutions (5 mg · ml-1 to 20 mg · ml-1) 
were spotted as 6.0 mm bands in length onto a same TLC plate using a Camag Linomate V syringe. A distance 
between each spot was 9.4 mm. The plate was then developed to a distance of 8.0 cm in a TLC chamber previously 
saturated with methanol – chloroform (3 : 97, v/v) for at least 30 min. After development, TLC plate was scanned by 
a CAMAG TLC scanner III with CAMAG winCATS software in the absorbance mode at 254 nm. The slit 
dimension was 4.00 mm × 0.30 mm and the scanning speed was 20 mm · s–1. Limit of detection (LOD) and limit of 
quantitation (LOQ) were determined from the calibration curve as 3.3SD/S and 10SD/S respectively where SD was 
the y-intercept standard deviation of regression line and S was the slope of regression line. The repeatability and 
intermediate precision were determined by analyzing six replicates of five different concentrations [(2.5, 5.0, 7.5, 
10.0 and 12.5) μg · spot–1)] of dioscorin and expressed as percent relative standard deviation (% RSD). D. hispida 
extract samples were spiked with dioscorin and the accuracy was expressed as percentage of recovery. The 
dioscorine content of D. hispida dried tuber used in this study was found to be 0.63 ± 0.07 % w/w. This value is 
slightly lower than dioscorin contents of D. hispida dried tuber originated from Thailand that reported by 
Sasiwatpaisit et al.8, but higher than that studied by Webster and his coworkers9, which were 0.72 ± 0.07 % w/w and 
0.12 % w/w, respectively. 
 
2.4. Mathematical modeling 
 
The extraction profile of MAE would exhibit similar trends as those observed in typical dynamic extraction 
profiles (yield vs. time), where two distinct phases are observed, i.e. washing and diffusion steps, respectively15. 
Two models will be verified their accuracy against the experimental data.  The first model is developed based on the 
original film theory. This model is usually employed for the modeling of typical extraction curve (yields vs. 
extraction time) can be written as follows16: 
 
).().1(1 tk
s
eb
CA
CA                                                                                                                  (1) 
where CA is the concentration of analyte in the solvent (mg · L–1), CAs is the equilibrium concentration of analyte in 
the solvent (mg · L–1), b characterizes the washing step, k characterizes the diffusion step (min–1), while t is the 
extraction time (min). The second model is developed from overall mass transfer phenomena, which describe the 
dynamic transfer of analyte from the solid matrix to the bulk solvent: 
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From mass balance of analyte in the solvent, the extraction yield can be calculated using equation: 
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where Ksa is the overall mas transfer coefficient of analyte from solid matrix to solvent (min–1). The values of all 
modeling parameters were evaluated using solver available in Microsoft Excel 2010. 
3. Result and discussion 
The results of this work and their comparisons with results obtained by other researchers are presented in the 
following sections.  
 
3.1. Effect of ethanol concentration 
 
To study the effect of ethanol concentration, a set of MAE experiments were conducted using 50 g gadung flour, 
solvent volume to flour mass ratio of 10 : 1, microwave power 100 W and ethanol concentrations of (75 to  96) % 
w/w. Fig. 2 (a) depicts the effect of ethanol concentration as solvent on the extraction yield. The figure shows that 
the maximum extraction yield (85.37 %) was obtained when 85 % w/w ethanol used as solvent. The presence of 
water in the 85 % w/w ethanol increased ethanol polarity which accelerated solvation of dioscorin. In addition, water 
also caused gadung flours swelling which allows ethanol to penetrate into the cell structure of solid particles more 
easily17. Similar results were also reported by Chen et al.18, who extracted triterpenoids from Ganoderma atrum. 
They reported that extraction yield increased with the increased of ethanol concentration. Unfortunately, the 
extraction yield decreased when ethanol concentration exceeded 85 % w/w. At these concentrations, the Hildebrand 
solubility parameters of the aqueous ethanol are lower than that of dioscorin (28 MPa1/2). Therefore, these solvents 
only performed limited ability to dissolve dioscorin.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) effect of ethanol concentration on extraction yield; (b) effect of solvent volume to flour mass ratio on extraction yield 
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However, excess water may also induce excessive thermal stress. Too much water means more microwave 
energy absorbed by gadung flour particles. The value of dielectric constant of a solvent reflects its microwave 
absorbing capacity. Since water has high dielectric constant, it has a higher heating rate under the influence of 
microwave irradiation11. As shown in Fig. 2 (a), lower extraction yield was obtained at low ethanol concentration 
due to faster dioscorin decomposition rate as a result of thermal stress experienced by gadung flour. Lower ethanol 
concentration also reduced the extraction selectivity. This is because some glucosides, proteins and starch are also 
easier to dissolve. These findings agreed well with those reported by Xiang et al.19 who extracted sapogenins from 
tea leaves.   
3.2. Effect of solvent volume : flour mass ratio 
Solvent volume is one of important parameter in extraction process. Solvent volume has to be adequate to ensure 
that raw material is completely immersed in the solvent11. The use of large volume of solvent may result in 
reduction of extraction yield. In addition, it is also uneconomical due to high solvent and extract purification costs. 
To study the effect of solvent volume : flour mass ratio on the extraction yield, a set of experiments which employ 
85 % v/v ethanol as solvent with solvent volume : flour mass ratios between 10 to 20 were conducted. The 
experimental results are presented in Fig. 2 (b).  
Fig. 2 (b) shows that highest extraction yield (86.66 %) was achieved when the extraction was performed at 
solvent volume : flour mass ratio of 12.5 : 1. Implementations of ratio higher than 12.5:1 resulted in lower extraction 
yield.  This is because at higher solvent volume : flour mass ratio, there will be more water present in the extraction 
system. Solvent with high dielectric constant will absorb more microwave energy. Too much water means more 
microwave energy absorbed by gadung flour. From this point of view, water will experience a higher heating rate 
under the influence of microwave irradiation11. Excess of water may induce excessive thermal stress and gadung 
flour swelling. Dioscorin may experience decomposition as a result of thermal stress experienced by gadung flour. 
This result is in good agreement with Chen et al.18 who found that optimum solvent:raw material ratio 25 : 1 for 
the extraction of triterpenoid saponins from Ganoderma atrum using 75 %  w/w ethanol. Wang et al.17 also reported 
that the extraction yield of Radix puerariae tended to decrease as solvent : raw material ratio higher than 30 : 1. 
3.3. Effect of microwave power 
 
Microwave power and extraction time are two factors to be considered to prevent thermal degradation of extracts 
in microwave assisted extraction11. In general, higher extraction efficiency can be achieved at higher microwave 
power from 30 W to 150 W20. The effect of microwave power was studied on extraction of dioscorin from 50 g 
gadung flour in 85 % w/w ethanol with solvent volume : flour mass ratio of 12.5 : 1 for 20 min in a microwave 
reactor. The temperature inside the microwave reactor reached up to boiling point of the solvent. The effects of 
microwave power on extraction yield obtained in this study are depicted in Fig. 3. It is clear that highest extraction 
yield was achieved at lowest microwave power (100 W). This result agrees well with that reported by Fernandes et 
al.22  on the extraction of organochlorine compounds from sea sediment21. Similar results of decrease in extraction 
yield of astragalosides from Radix astragali at high power due to disorderly molecular interactions have been 
reported in the optimization study of MAE of four main astragalosides in Radix astragali. As the experiments are 
conducted in dry matter, as is usually the case11, chances of degradation due to drying or evaporation at higher 
microwave power intensity are ruled out. They further observed that microwave energy affected the solvation of the 
analytes and finally the rate of extraction. Reduction of extraction yield during implementation of high microwave 
power may be due to decomposition of analyte at higher microwave power range, temperature or decrease in 
solubility23.   
Mandal et al.11 found that most phytochemicals are thermally labile. Therefore, they are easily decomposed when 
exposed to heat or high temperature, specifically at longer exposure time. Chen and Lin24 also reported reduction of 
concentrations and stability of alkaloids of some dioscorea species when heated at temperature between  500 oC to 
800 oC. Further heating up to 900 oC caused decomposition of the alkaloids. In this study, less extracts with lower 
dioscorin concentration were obtained when higher microwave power employed for the extraction. Therefore, it can 
be concluded that at higher microwave power, dioscorin experiences both solubility decrease and decomposition.  
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Fig. 3. Effect of microwave power on extraction yield 
 
3.4. Comparison of mathematical model 
In the present study an attempt was made to predict the extraction yield profile calculated using original film 
theory model (Equation (1)) and overall mass transfer model (Equation (3)). Equation (3) represents an approach of 
analyte mass transfer via steady state diffusion through combined solid-liquid film mechanism.  
The overall mass transfer coefficient (Ksa) was evaluated by minimization of the sum of the square of errors 
(SSE) between extraction yields of Equation (3) and experimental data. Similarly, diffusion step (k) and washing (b) 
step constants were evaluated from Equation (1). Fig. 4 presents the comparison of extraction yields obtained from 
MAE experiments using 85 % and 96 % ethanol, and those obtained from calculations using original film theory and 
overall mass transfer models. While the values of all modeling parameters are tabulated in Table 1. 
Table 1. Optimized model parameters 
 
 
Overall mass transfer coefficients (Ksa) obtained from the mass transfer model and diffusion step constant (k) 
obtained from the film theory model were higher for MAE of dioscorin from gadung flour using 85 % w/w ethanol 
than that of using 96 % w/w ethanol. These modeling results agree well with the experimental data shown by Fig. 4 
where the slope of the extraction curve for extraction using 85 % w/w ethanol is slightly steeper than that of using 
96 % w/w ethanol. However, the washing step constants were almost not affected by ethanol concentration. The 
overall mass transfer model performs it superiority over the original film theory model for the extraction yield 
prediction as the former needs only one adjustable parameter but results lower error. The overall mass transfer 
model also offers its simplicity for practical applications. 
 
Model Ethanol conc. (% v/v) Ksa (min–1) k (min–1) b (-) Error (%) 
Original film theory 85 - 0.1810 0.8293 13.27 
 96 - 0.1605 0.8306 13.74 
Overall mass transfer 85 0.1213 - - 3.23 
 96 0.1136 - - 2.69 
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Fig. 4. Comparison of extraction yield data and predictions using film theory and mas transfer models 
4. Conclusion 
Ethanol concentration and solvent volume : flour mass ratio affected the MAE of dioscorin, and show certain 
optimum values. On the other hand, microwave power inversely affected the extraction yield. As a conclusion, the 
optimum condition for MAE of dioscorin from gadung flour was extraction using 85 % w/w ethanol with solvent 
volume : flour mass ratio of 12.5 : 1, and microwave power of 100 W for 20 min. The overall mass transfer model 
performed better extraction yield predictions than the original film theory model and agreed well with the 
experimental data with average error of 2.96 %. 
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